Introduction
Tailored interventions are disease management strategies widely applied to patients who share chronic conditions, such as diabetes or congestive heart failure. Stratification of older adults into distinct risk categories is also relatively common. Clinical guidelines recommend incorporating life expectancy into decision making, leading to the development of general prognostic mortality indexes. 1 Other indexes assess the risk of readmission or death after hospital discharge in community-dwelling seniors, risk of functional decline among those with an Emergency Department visit, risk of functional dependence, and likelihood of hospitalization within six months. [2] [3] [4] [5] [6] [7] [8] Hierarchical condition categories risk-adjust Medicare and Medicaid payments on the basis of diagnostic categories. 9 However, beyond disease management and risk stratification, broad segmentation of a population can better identify and address the distinct health care profiles and priorities of different groups comprising it. 10 The care needs of seniors vary from screening and prevention to management of complex conditions such as frailty, advanced illness, and the end of life. Consequently, a senior segmentation model was developed at Kaiser Permanente (KP) in which seniors fit best into one of four population care groups (Table 1) . Care Group 1 consists of robust seniors without chronic conditions. Care Group 2 consists of seniors with one or more chronic conditions, such as diabetes, heart disease, and depression. Care Group 3 consists of seniors with advanced illness and end-organ failure, such as heart failure or chronic obstructive pulmonary disease. Care Group 4 includes seniors with advanced frailty or at the end of life. Although individuals may and do move between care groups over time, interventions and programs should be tailored and designed to meet the distinct needs of patients within care groups.
Operationalizing the senior segmentation model requires accurately identifying the care group within which each older adult best fits. This report describes the development of an algorithm for doing so and its validation by multiple methods.
Methods

Algorithm Development
The Senior Segmentation Algorithm (SSA) was developed using readily available data. We began with relatively simple rules based on risk scores and clinical criteria. Risk scores included the prospective risk score (DxCG Intelligence, Verisk Health Inc, Waltham, MA) and likelihood of hospitalization scores (Verisk Health Inc, Waltham, MA). Clinical indicators were based on hierarchical condition categories and chronic disease registries. Table 1 presents the risk score and clinical indicator profile for each care group.
Multiple data sources for the indicators in Table 1 are required. The DxCG scores require a DxCG data mart (Verisk Health Inc, Waltham, MA). Sources vary for chronic conditions' diagnoses and utilization data; for example, they may include point-of-care panel management tools and enterprise data warehouses. 11, 12 Other clinical data can be found in the electronic health record (EHR)-KP HealthConnect-and include encounter diagnoses, the use of home oxygen and home hospital beds, surgeries and procedures, severe organ failure, and hospice or palliative care orders. In addition, risk scores and indicators have been tailored to specifications in individual KP Regions, and regional implementation can add data specifically available and valuable to that Region.
The prototype SSA was improved on the basis of feedback from primary care physicians (PCPs). Patients in PCP panels were categorized into care groups for PCPs to review and provide feedback. Rules were then added, deleted, and tailored to reproduce as closely as possible PCP clinical judgments about appropriate care groups. For instance, long-term wheelchair use was deleted as a decision rule when PCPs identified that it did not correlate well with functional and/or ambulatory status. We retained rules that improved sensitivity and specificity.
Analysis
We assessed performance and the validity of the SSA in several ways. We examined the distribution of members across care groups and its stability over time. To assess the stability of population segmentation over time, we assessed the proportion of seniors who remained in their algorithm-assigned care group at one year and the proportion who moved to either a higher-or lower-need care group. Although the algorithm is intended to tailor care and not function as a predictive modeling tool, we hypothesized that utilization, mortality, and costs of care would all increase from care group to care group. Consequently, we assessed care group-specific mortality and hospital discharge rates and, among seniors with a hospital discharge, readmission rates. To assess care group-specific costs of care, we used monthly claims data to calculate an average cost per member per month in each care group. Finally, to examine concordance of the algorithm-assigned care group for individual seniors with physician clinical judgment, we asked physicians to review results from the algorithm and to make a clinical assessment as to whether classifications for individual patients in their panels were correct. We assessed concordance between physician judgment and the SSA using the κ coefficient. For comparison, we also assessed concordance of SSA-assigned care groups and segmentation on the sole basis of likelihood of hospitalization.
Results
Distribution of Seniors by Care Group and Stability of Care Groups over Time
Among 91,113 KP Northwest (KPNW) and KP Hawaii members aged 65 years and older, 13.5% were in Care Group 1; 62.3% in Care Group 2; 15.7% in Care Group 3; and 8.5% in Care Group 4. At 1 year, the majority remained in their initial care group. Most seniors whose care group changed at 1 year had moved to a higher need care group (Table 2 ). Migration to a lower need care group happened infrequently and typically resulted from lower utilization (which is incorporated into risk scores used in the SSA).
Utilization, Mortality, and Costs
Among 61,189 KPNW members older than age 65 years as of January 1, 2010, we examined hospital discharges during the quarter following segmentation. The percentage of seniors with a hospital discharge doubled between each care group (Table 3) . Among segmented KPNW seniors with hospital discharges, we examined 30-day, all-cause readmissions during the quarter following segmentation. The percentage of seniors with a readmission also increased across care groups.
Using the same data set, we examined mortality. At 6 and 12 months, 0.4% and 0.6% of members in Care Group 1 had died, compared with 15.2% and 28% of those in Care Groups 3 and 4 (Table 3) . At 24 months, 50% of members in Care Group 4 had died. 
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Annualized costs of care increased approximately twofold between each care group and the next higher need one (Table 3) .
Concordance with Physician Judgment
Six PCPs in 2 Regions assigned the members of their panels older than age 65 years to a care group; 1615 members were 65 or older and assigned by a physician to a care group. Physicians were aware of the SSA-assigned care group, and the physicianassigned group was identical to that of the SSA in 85% (1369) of senior panel members (Table 4 ). With few exceptions, the physician-assigned and SSA-assigned care group differed by only 1 level. Kappa coefficients calculated for each Region were 0.74 and 0.75, indicating substantial agreement between physicianand SSA-assigned care groups. In contrast, regional κ coefficients for SSA-assigned care group and likelihood of hospitalization were only 0.36 and 0.19, indicating slight to fair agreement.
Discussion
Senior segmentation is a health care system approach to population-based care for older adults. Care group stability over time, hospitalization, readmission, mortality, and cost data and concordance with physician clinical judgment support its further development. In contrast, the likelihood of hospitalization concordance with physician clinical judgment about assigned care group was less robust. The utility of SSA in practice will be ascertained when it is used to assess detailed patient needs and identify appropriate interventions.
Much individual variability remains in care groups. Nevertheless, the goal of senior segmentation is to ensure that the distinct needs of older adults in each care group are met. For example, in the absence of illness, the health care needs of individuals in Care Group 1 revolve around disease prevention, screening, and health promotion services. Individuals in Care Group 2 need more emphasis on disease management services and selfmanagement. Among those in Care Group 3, care needs are more complex and require approaches above and beyond disease management. In Care Groups 3 and 4, aggressive efforts to reach target goals for chronic diseases are potentially counterproductive. In addition, more focus is needed on determining optimal nontraditional care design approaches for these care groups.
A strength of our work is that it is, to the best of our knowledge, the first report of a population-level approach to tailoring care to the varying health needs of older adults. Our ability to apply the SSA to more than 90,000 members reflects the efficiency of using administrative and clinical data to segment the large population of adults aged 65 years and older.
Several limitations deserve mention. PCPs were aware of the SSA results when assigning their patients to a care group; this may have affected the concordance we observed. Further study should include blinded validation of concordance. In this preliminary report, we are unable to comment on the impact of segmentation on indicators of care processes and outcomes, such as Healthcare Effectiveness Data and Information Set (HEDIS) measures, utilization patterns, and health status over time. Given that our goal is to optimize care for each group in the senior population, efficiency and member satisfaction are also pivotal outcomes that will need to be measured.
Another limitation pertains to functional status, which is a well-established predictor of health care utilization, outcomes, and quality of life in older adults. We were unable to incorporate direct measures of functional status into care group categorizations because of the lack of consistently accurate and available data in the EHR and logistically simple data collection methods. Instead, proxy measures for functional status, such as the presence of a hospital bed in the home, proved useful.
Last, the SSA was developed and validated in an integrated health care delivery system with a comprehensive EHR. The availability of the data elements in the algorithm determines its generalizability to other settings.
The senior segmentation algorithm is likely to evolve over time. Enhancements under consideration include incorporating member-reported health data related to general health status, frailty, health behaviors, and history of age-related risks (eg, falls, urinary incontinence, poor nutrition, and pain). Similarly, measures of the progression of primary disease would provide useful information, as would clinical trends related to specific diagnoses. Another type of clinical information useful for population Other methods might provide a more complete picture of older adults. Patients' self-reports yield important dimensions of information that are not usually available in the EHR. However, self-report is not currently uniformly available; it is also logistically intensive, requires interval reporting, and may be inaccurate at critical points in the patient journey. Clinician-based reports are also logistically intensive and prone to inconsistency.
Segmentation of the senior population provides a foundation for individualized assessment and patient-centered care. It is a tool intended to ensure that the individualized needs of all patients in each care group are met by informing clinical decision making. For instance, patients in Care Groups 3 and 4 may benefit from assessment of complex social and caregiver needs. Conversely, members of these care groups may be less likely to benefit from traditional disease prevention and management strategies, such as rigorous diabetes control. 13 In the Hawaii Region, care group status is now documented in the EHR, which is used across all settings. Patients in Care Group 4 who are hospitalized are evaluated for complex care needs. Clinicians use segmentation to manage population health, identify patients who are eligible for complex care management, prioritize patients with higher levels of need, and start conversations about needed services, such as mental health and caregiver support. In addition, care groups can be used to predict and plan for more resource-intensive care needs.
Senior segmentation is being implemented across KP. Risk scores and indicators can be tailored to specifications in individual KP Regions, and regional implementation can add data from clinical encounters, such as the problem list and encounter diagnostic codes. The experiences and comparative data of multiple Regions will contribute invaluable knowledge about care processes and outcomes across care groups, furthering our goal of optimizing health care for KP's one million older adult members.
Conclusion
Senior segmentation is a promising new method for identifying four Care Groups defined by member needs. The care for members within each group can be focused to address their varying health and utilization needs. Our assessment indicates that senior segmentation can form the foundation for populationlevel health delivery design. v
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